Introduction
Myocardial infarction is most commonly caused by thrombus formation superimposed on coronary artery narrowing resulting from atherosclerosis. Recently, a new term of interest has been coined by researchers to describe a different group of patients who has myocardial infarction that are not associated with significant coronary artery disease-myocardial infarction with non-obstructive coronary arteries (MINOCA). A recent European Society of Cardiology (ESC) working group position paper 1 has provided clinicians with good guidance on how to further investigate so as to appropriately manage this group of patients.
Timeline
Case presentation
A 70-year-old male patient with a previous history of multiple sclerosis, previously successfully resected colon cancer 10 years earlier and late-onset asthma (age of 62 years) presented with retrosternal chest pain, small troponin rise, and without ECG changes. Physical examination revealed no abnormalities of the cardiovascular and respiratory system. Echocardiography showed normal left ventricular function with no regional wall motion abnormality and no valvular disease. A diagnosis of non-ST elevation myocardial infarction was made, and diagnostic coronary angiography showed a smooth stenosis in the right coronary artery (RCA) and unobstructed left coronary artery (Supplementary material online, Videos S1 and S2). He was listed for angioplasty to the RCA but upon reimaging, the RCA looked smooth and unobstructed. However, the mid-circumflex artery now had a smooth stenosis which resolved with administration of intracoronary isosorbide dinitrate (Supplementary material online, Videos S3 and S4). A diagnosis of coronary artery spasm was made, and the patient was treated with aspirin and he was started on oral isosorbide mononitrate. A month later he was admitted with anterior ST-segment elevation which completely resolved with administration of sublingual glyceryl trinitrate in the emergency room. The chest pains continued intermittently at rest and diltiazem and nicorandil were added in stepwise fashion to try and settle ongoing symptoms. Cardiac magnetic resonance (CMR) imaging revealed small areas of myocardial infarction in both the RCA and the LAD territories. Due to concern over possible ongoing infarction due to spasm, clopidogrel 75 mg o.d. was added and continued long-term. Over the next 18 months, the patient remained stable, with minimal symptoms and no changes on serial CMR scans at 6 monthly intervals. He was continued on maximal antianginal therapy, dual antiplatelet therapy, and advised to avoid beta-blockers and phosphodiesterase 5 inhibitors. He subsequently represented with further episodes of atypical chest pain at rest, unresponsive to glyceryl trinitrate (GTN) and 
Learning points
• Myocardial infarction with non-obstructive coronary arteries is a working diagnosis-further investigations should be performed to determine the underlying cause so appropriate treatment can be initiated.
• The lack of correlation between the extent of epicardial coronary disease and cardiac magnetic resonance findings should point to systemic causes.
• The history of myocardial infarction, late-onset asthma combined with eosinophilia is highly suggestive of Churg-Strauss syndrome (eosinophilic granulomatosis with polyangiitis) with cardiac involvement.
• This is an important diagnosis to make, as without immunosuppression, ongoing myocardial infarction and loss of myocardium may ensue, which can be halted by immunosuppression.
. /L]) with normal renal and liver function tests. Erythrocyte sedimentation rate (ESR) was normal (<5 mm/h) and C-reactive protein (CRP) 5.7 mg/L. Over the next few weeks, CRP rose to 28 and troponin fluctuated, albeit markedly elevated, with no correlation with symptoms. Coronary anatomy was revisited with a CT coronary angiography which showed a calcium score of 202 with no obstructive lesions.
Repeat CMR (Figure 1 ) revealed normal right and left ventricular volumes and function. In the late gadolinium phase, there were two separate regions of infarction. There was infarction in the inferior/ inferoseptal wall from the basal to apical level. This was predominantly transmural (>50%) in the inferior and inferoseptal wall at the basal to mid-level. There was some new extension into the basal inferolateral wall not seen on the previous scan that was also transmural. Separately, there was localized infarction (>50% transmurality) in the basal anterior wall.
Given the presence of eosinophilia, recurrent episodic myocardial infarction and the lack of correlation between the extent of epicardial coronary disease and CMR findings, combined with the suspicious history of late-onset asthma, a diagnosis of Churg-Strauss syndrome was postulated. 
therapy, the chest pains resolved with corresponding normalization of eosinophil and troponin levels. antineutrophil cytoplasmic antibody (ANCA) levels checked in the non-acute phase was normal with myeloperoxidase (MPO) <0.3 (normal range < 3.5 IU/mL) and PR3 < 0.7 (normal range < 2.0 IU/mL). Nine months after treatment began, his medication has been gradually weaned to prednisolone 5 mg o.d. and azathioprine 50 mg o.d. with a plan for slow ongoing tapering of both.
Discussion
The vast majority of patients presenting with myocardial infarction have underlying coronary artery disease. Myocardial infarction with non-obstructive coronary arteries is a new nomenclature devised for an often-overlooked group of patients, namely those with myocardial infarction despite the absence of significant obstructive coronary disease. The European Society of Cardiology Working Group Position Paper on Myocardial Infarction with Non-obstructive Coronary Arteries 1 has highlighted that this is a very heterogeneous group of patients with varied pathomechanism of myocardial infarction, although some 33% are reportedly attributed to myocarditis. 2 Some 25% of patients with MINOCA continue to experience angina 12 months after the index infarction 3 presumably at least in part because of challenges identifying the underlying cause. Making the correct diagnosis is essential, in order to successfully treat the under underlying condition and prevent recurrent infarction and loss of myocardium. In this case, the presence of a constellation of late-onset asthma, eosinophilia, rise in troponin, and inflammatory markers unrelated to symptoms, with recurrent symptoms at rest despite maximal antianginal and dual antiplatelet therapy pointed towards a systemic cause which ultimately led to a diagnosis of Churg-Strauss syndrome with cardiac involvement.
Churg-Strauss syndrome, recently renamed eosinophilic granulomatosis with polyangiitis (EGPA) is an autoimmune vasculitis affecting medium to small vessel and should be suspected in patients with a history of atopy or late-onset asthma. Two of the most commonly used classifications include the American College of Rheumatology (ACR) 4 which has developed six diagnostic criteria for ChurgStrauss syndrome which includes asthma, eosinophilia greater than 10% on differential white blood cell (WBC) count, mononeuropathy (including multiplex) or polyneuropathy, non-fixed pulmonary infiltrates on roentgenography, paranasal sinus abnormality, and biopsy containing a blood vessel with extravascular eosinophils and the Lanham criteria 5 which includes asthma, eosinophils > 1500 cells/mL, and systemic vasculitis involving two or more extra-pulmonary organs. In our case, the patient fits two out of the six ACR diagnostic criteria and two out of three of the Lanham criteria. Although neuropathy, pulmonary infiltrates and positive biopsy were not available, these are not strictly required for the diagnosis. The ACR definition paper states that the combination of only two criteria, namely a history of asthma together with eosinophilia >10% on a WBC differential correctly classified 90% of Churg-Strauss syndrome cases and has a sensitivity of 90% and a specificity of 99. 7%. 4 Approximately 60% of patients with Churg-Strauss have cardiac involvement which includes vasculitic lesions in myocardium and coronary vessels. 6 It can result in myocardial infarction, heart failure, pericarditis, and myocarditis. Presence of cardiac involvement is associated with an increased risk of mortality. 7 There have been a few cases describing coronary vasospasm in the context of ChurgStrauss, [8] [9] [10] but its pathophysiology remains unclear. There are probable links between allergic diseases and coronary vasospasm-local inflammatory response inducing arterial wall hyper-reactivity. 11 In our case, given that the absence of correlation between the infarcted areas and coronary anatomy, the cause of his presentation might be due to multiple factors i.e. coronary vasospasm, vasculitis, and even myocarditis.
The mainstay of treatment is immunosuppression with corticosteroids. 12 The use of additional cytotoxic drugs like cyclophosphamide is normally reserved for patients with life or organ threatening disease manifestations which can be used to induce remission with azathioprine or methotrexate being recommended as maintenance therapy. 12 This case illustrates non-atheromatous cause of myocardial infarction that is rare and challenging to diagnose. It also emphasizes the importance of ongoing tests in patients with unexplained chest pain and troponin rise, to ensure appropriate treatment, to reduce the risk of recurrent infarction, prevent loss of myocardium, and improve prognosis.
Lead author biography
Dr Ying Gue is a graduate from University of Dundee, Scotland. He completed his medical training in Scotland in 2016 and moved to Stevenage where is currently working as a cardiology research fellow part-time whilst completing his MD research degree in University of Hertfordshire. He is passionate about cardiology and hopes to go on towards training in cardiology as a speciality.
Supplementary material
Supplementary material is available at European Heart Journal -Case Reports online.
Slide sets: A fully edited slide set detailing this case and suitable for local presentation is available online as Supplementary data.
Consent:
The author/s confirm that written consent for submission and publication of this case report including image(s) and associated text has been obtained from the patient in line with COPE guidance.
Conflict of interest: none declared.
